Regorafenib is an oral small-molecule multikinase inhibitor approved in third or later line of treatment for patients with metastatic colorectal cancer (mCRC). Regorafenib has shown significant benefits in overall survival and progression free survival in two phase III trials compared to placebo in patients with mCRC who had progressed on previous therapy.
INTRODUCTION
Colorectal cancer (CRC) is one of the leading causes of cancer-related death and the third most commonly diagnosed cancer in humans in the world [1] .
For many years treatment of metastatic CRC (mCRC) consisted mainly of single agent 5-fluorouracil but the addition of irinotecan and oxaliplatin to 5-fluorouracil increased the median progression free survival (PFS) to 8 mo [2] , which further improved with the later addition of the vascular endothelial growth factor (VEGF) and EGFR inhibitors [3] .
Regorafenib is an oral multikinase inhibitor that inhibits the activity of vascular endothelial growth factor receptor 1, 2, 3 (VEGFR-1,-2,-3), tyrosine kinase receptor with immunoglobulin-like and EGF-like domains 2 (TIE2), platelet-derived growth factor receptors, fibroblast growth factor receptors and oncogenic receptor tyrosine kinases (KIT, RET, RAF-1, BRAF, BRAF V600E ) [4] . Regorafenib monotherapy significantly increased overall survival (OS) and PFS in the CORRECT and the CONCUR trials, which compared regorafenib treatment to placebo [5, 6] .
Cytokine levels could be potentially useful in monitoring disease progression and treatment outcome. Suenaga et al [7] demonstrated that baseline serum CCL-5 and VEGF-A levels may act as potential predictive markers for survival or treatmentspecific toxicities in mCRC patients receiving regorafenib in salvage-line setting.
TGF-β is a multifunctional polypeptide promoting angiogenesis and expression of cell adhesion proteins, and inhibiting growth of epithelial and immune cells. High plasma levels of TGF-β were associated with progression of disease [8] .
TNF-α might serve as a predictive marker for treatment efficacy and clinical outcome. Olsen et al [9] demonstrated that higher levels of TNF-α, as well as of other cytokines, are associated with a worse prognosis and mortality in CRC patients.
The expression of CCL-2, also known as monocyte chemotactic protein 1, in colorectal cancer cells is strictly related to advanced tumor stage, accumulation of tumor-associated macrophages, and negative prognosis [10, 11] .
Several reports demonstrated that the releasing of CCL-5 (also known as RANTES) promotes cancer cell invasiveness and decreases antitumor immunity by recruitment of C-C chemokine receptor type 5 (CCR-5) + T-regulatory cells [12] . The interaction between CCL-5 and its receptor also participates in VEGF up-regulation in the osteosarcoma microenvironment [13] .
CCL-4 is a chemokine released by a variety of immune and epithelial cells that interacts with CCR-5 to attract macrophages, T cells and, most important, immature dendritic cells (DCs) whose presence is essential for the activation of immune response. Unlike the two above mentioned chemokines, high serum levels of CCL-4 in CRC patients are associated with improved disease free survival and this might be related to increased recruitment of Th1 cells, which frequently express CCR-5 [14] .
In this "proof of concept" study we analyzed the level of all these soluble cytokines in the plasma of mCRC patients before treatment with regorafenib, with the aim to identify biomarkers potentially useful to select mCRC patients who could benefit from regorafenib therapy.
MATERIALS AND METHODS

Study design
This exploratory study was performed in a single centre. The aim of the study was to evaluate the role of specific biomarkers potentially involved in the clinical activity of regorafenib: TNF-α, TGF-β, VEGF, CCL-2, CCL-4 and CCL-5. The selected cytokines were measured at baseline as described below and the clinical outcome of each patient was correlated to the cytokines profile. Six healthy volunteers (2 men and 4 women) were also analyzed. Patients were treated following standard clinical practice and followed accordingly.
All enrolled patients signed an informed consent for the storage and analysis of their biological material approved by the local ethical committee (prot n° 24347; August 7, 2015) .
Blood samples
We enrolled in the present study 17 mCRC patients treated at the Oncology Department, S. Croce and Carle Teaching Hospital in Cuneo from April 2016 to June 2018. All patients received 160 mg regorafenib once a day for 3 wk, followed by 1 wk treatment free.
Blood samples were collected into EDTA vacutainer tubes at baseline immediately before the first administration of regorafenib. Plasma samples were obtained through centrifugation step and stored in aliquots at −80°C in the Biobank of the Oncology Department until use.
Patient characteristics
The mCRC cohort consisted of 53% males and 47% females. Median age was 63 (52 to 77 years). In 53% of the cases, the tumour was located in the colon (3 right colon and 6 left colon) and in 47% in the rectum.
The mCRC group included 82% of patients at third-line treatment, 12% of patients at fourth-line treatment, and 6% of patients at fifth-line treatment line. RAS mutations were detected in 76% of the cases. Patients' main characteristics are reported in Table  1 .
Analysis method
Plasma levels of six cytokines were evaluated with ELISA kits from R and D Systems (TNF-α, TGF-β, VEGF, CCL-4 and CCL-5) and Invitrogen (CCL-2). For TGF-β analysis, the samples were incubated with 1 N HCL for 10 min followed by with 1.2 N NaOH/0.5 mol/L HEPES prior to perform the assay, in order to activate the latent TGF-β to the immunoreactive form. The ELISA assay employs the quantitative sandwich enzyme immunoassay technique. Analysis was performed according to the manufacturer's protocol. In brief, 100 μL of sample was used and incubated for two hours in a 96 well plate, coated with antibody against each cytokine. After washing, 200 μL of horseradish peroxidise-conjugated antibody was added to each well and incubated for one/two hours. After further washing, a substrate solution was added. Optical density was determined by reading the absorbance with a plate reader (Multiscan Ascent, Thermo fisher ® ) at 450 nm. Patient samples, standards and controls were assayed in triplicate, and the average values were recorded. The protein concentrations were expressed in pg/mL. CCL-2 was evaluated with uncoated ELISA using Corning Costar 9018 plates. Plates were incubated overnight at 4°C with the capture antibody anti-human CCL-2 overnight 4 °C. The assay was then carried out as described above.
Statistical analysis
Differences in the medians were tested by the Mann-Whitney U test. In order to find the optimal cut-off point at baseline, which might help in predicting survival, the receiver operating characteristic curve (ROC) analysis was performed. The cut-off was defined as the point on the ROC curve with the largest average sensitivity and specificity. Subgroups divided using the cut-off value were compared for PFS and OS. PFS was defined as the interval between the date of starting regorafenib treatment and the date of confirming disease progression, last follow-up or death. OS was calculated from the date of starting regorafenib treatment and the date of death or last follow-up. PFS and OS were estimated by the Kaplan-Meier method and they were compared using the log-rank test, with predictive or prognostic factors being identified by univariate analysis. It was not possible to perform the Cox analysis due to the small number of patients.
Correlation analysis was used to describe the relationship between PFS and basal TGF-β and TNF-α levels and was performed using the Spearman test.
The statistical analyses were carried out using SPSS software version 24.0 (IBM Corporation, Armonk, NY, United States) and GraphPad Software 5.0 (San Diego, CA, United States). P < 0.05 was considered to indicate statistical significance.
RESULTS
Correlation between basal cytokines levels and response
Patients population was divided into two groups according to the best response to regorafenib treatment by instrumental evaluation every 3 mo. The 12 Non Responder (NR) patients showed disease progression. The 5 Responder (R) patients showed either complete response (CR, n = 1), partial response (PR, n = 1) or stable disease (SD, n = 3).
We measured cytokine levels in all the mCRC patients. We found that the plasma basal level of TNF-α was significantly higher in NR compared to R patients (P = 0.011).
Also TGF-β was significantly higher in NR compared to R patients (P = 0.031). NR patients had a higher median level of VEGF with respect to R, but only the difference between NR and healthy controls was significant (P = 0.044).
The CCL-2 plasma level showed a trend similar to VEGF: Higher in NR vs R patients, but significantly higher only between NR and healthy controls (P = 0.035).
CCL-4 basal level, on the contrary, showed an opposite trend, in particular NR had lower median value than R.
The levels of CCL-5 did not show any difference among all the three groups ( Figure  1 ).
Correlations between TNF-α, TGF-β levels and PFS
We further investigated the possible association between basal cytokine levels and PFS.
TNF-α (r s = -0.51, P = 0.033) and TGF-β (r s = -0.52, P = 0.038) negatively correlated with PFS in the patient cohort (Figure 2A and B) .
Furthermore there was a positive correlation between TNF-α and TGF-β basal values of all the mCRC patients (r s = 0.53, P = 0.028) ( Figure 2C) .
Instead there was no significant difference among the other cytokines at baseline and between them each of them and PFS.
ROC and Cox analysis, PFS and OS Kaplan-Meier curves
Median PFS was 2.97 mo [95% confidence interval (CI): 2.384-3.549 mo], median OS was 9.03 mo (95%CI: 6.704-11.356 mo). Median follow-up was 6.60 mo (95%CI: 5.285-7.915 mo).
Using the ROC analysis ( Figure 3A) we identified a cut-off value of 7.41 pg/mL for TNF-α basal level (AUC: 0.908, 95%CI: 0.758-1.000, P = 0.010). Then, using this cut-off value we clustered all patients into two groups, observing a higher PFS (5.20 mo, 95%CI: 4.198-6.202 vs 2.60 mo, 95%CI: 2.284-2.850, P = 0.005) in patients with baseline TNF-α below the cut-off point ( Figure 3B ).
We also observed in the same patients a better OS (16.60 mo 95%CI: 16.171-17.029 vs 7.30 mo, 95%CI: 1.440-13.220, P = 0.010) ( Figure 3C ).
There was no significant difference in PFS and OS according to the ROC analysis for the other cytokines (data not shown). Moreover, using the univariate Cox analysis, we observed that patients with plasma basal levels of TNF-α ≥ 7.41 pg/mL had a significant increased risk to get progression disease compared to those with plasma basal levels of TNF-α < 7.41 pg/mL (HR: 7.203, 95%CI: 1.531-33.882, P = 0.012) ( Figure 4 ).
DISCUSSION
Our data show that patients that do not benefit from regorafenib might be identified by basal values of TNF-α and TGF-β before treatment.
TNF-α promotes cancer invasion and angiogenesis associated with epithelialmesenchymal transition through the involvement of canonical NF-κB signalling [15] . Moreover TNF-α is also expressed at higher levels in various pre-neoplastic and tumor tissues. Furthermore, the increased TNF-α expression level in pre-cancerous and tumor cells is associated with the progression of malignant diseases such as chronic lymphocytic leukemia, Barrett's adenocarcinoma, prostate cancer, breast cancer, and cervical carcinoma [16] [17] [18] .
High plasma levels of TNF-α are associated to an increased risk of recurrence and mortality in CRC [9] . These findings indicate that TNF-α could be used as an indicator of cancer risk, prognosis and therapy response for cancer patients. Our results support its negative predictive role in regorafenib treatment. High plasma levels of TGF-β are associated to mRNA over-expression in colon cancer tissues and related to disease progression [8] . Numerous studies also demonstrated that TGF-β production by tumour cells might promote tumor growth and immune escape and enhance angiogenesis [19] [20] [21] . Moreover, tumor development removes a cell growth inhibitory signal and increases the amount of TGF-β in the tumor microenvironment [22] . We found that the lower plasmatic levels of TGF-β are associated to longer PFS.
VEGF plays a key role in angiogenic process. Previous studies reported that colon cancer patients have high levels of VEGF compared to a healthy population [23] and that VEGF expression is associated with poor prognosis [24] . Also our results show a higher basal value of VEGF in NR compared to a healthy population.
CCL-2, CCL-4 and CCL-5 are small peptides structurally and functionally similar to growth factors which are able to induce leukocyte migration along a chemical gradient. The complex network of these chemokines and their receptors promotes carcinogenesis and metastasis [25] .
The expression of CCL-2 correlates with lymph node metastasis and predicts the risk of liver metastasis [10] . Indeed, we found that CCL-2 is significantly higher in NR than in healthy controls.
CCL-4 is involved in the recruitment of CD103 + -DCs. The failure of Batf3dependent recruitment CD103 + -DCs together with the activation of Wnt/β-catenin pathway is a cause of non-T cell-inflamed tumor development [26] . We found a difference between NR and R, even if no statistical significance was reached.
CCL-5 promotes angiogenesis of endothelial cells, chemotaxis and tumor angiogenesis by VEGF production in human cancer cells [12] . Our results do not show any difference in the distribution of this cytokine. Comparing our results with those of the Suenaga et al [7] study, the discrepancy in the levels of CCL-5 in the patients could be attributed to the cytokine analysis, which in our case was performed on serum samples instead of plasma samples which may contain platelet contamination.
We found that R mCRC patients are characterized by low basal values of TGF-β, TNF-α, VEGF, CCL-2 and high levels of CCL-4 compared to NR patients, even if the high CCL-4 median value in the R group is due to the very high value of one patient.
In general, the cytokine profile of R is similar to that of healthy volunteers. This observation suggests that R have an active immune system and this aspect could be the real difference between R and NR. Of course, our study is hampered by important limitations.
First of all, the number of patients precludes any Cox analysis. Another limitation is the lack of longitudinal analysis which precludes the possibility to distinguish between the prognostic or predictive role of this signature. However, since the purpose of our research work is to find predictive markers of treatment response, it is reasonable to take in consideration only basal cytokine 
values.
We are now leading a new study with the same experimental conditions but a different drug with the aim to verify the prognostic role, rather than predictive, of the proposed signature.
It would also be of interest to explore different tumor types to verify the hypothesis that the true value of our signature is to identify patients with a better prognosis due to a functional immune system.
On this basis, following a prospective study with a greater number of patients, we could identify a potential score, which might select a baseline cytokines profile able to identify NR patients who will not benefit from treatment with regorafenib. Also it might be a useful tool to drive decision-making process in daily clinical practice.
The main limitation of the study is the small population of mCRC patients analyzed. A validation in a larger patient population is strongly recommended.
In addition, the same signature should be evaluated also in patients receiving other treatments, and then the possibility that this could represent a prognostic tool should be considered.
In conclusion, taken together all these observations suggest that patients having high basal levels of TNF-α and TGF-β show a poor prognosis and, probably, will be less respondent to the regorafenib therapy. If our data is confirmed, it will be possible to identify NR mCRC patients in order to avoid ineffective treatments. We are aware that our population is small and data should be verified on larger and independent series of patients. It might also be of interest to extend analysis to other cytokine and cell populations not considered in our study.
ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is one of the leading causes of cancer-related death and the third most commonly diagnosed cancer in humans in the world. For many years 5-fluorouracil was the only active drug for treatment of metastatic colorectal cancer (mCRC). The addition of irinotecan and oxaliplatin to 5-fluorouracil increased the median progression free survival (PFS), which further improved with the later addition of target therapies. Regorafenib is a multi-kinase inhibitor targeting VEGFR1-3, TIE2, fibroblast growth factor receptors 1 and platelet-derived growth factor receptors β, c-KIT, RET, c-RAF/RAF-1, BRAF V600E mutant. It can be used after failure of conventional treatment options.
Research motivation
In previous studies, regorafenib monotherapy showed the ability to improve PFS and overall survival in a subset of mCRC patients. However, no appropriate biomarkers are currently available. We analyzed the levels of many cytokines involved in angiogenesis and CRC pathogenesis, in plasma of mCRC patients before treatment with regorafenib. Our purpose was to identify potential biomarkers to select patients most likely to respond to regorafenib. regorafenib and, possibly, an immune profile potentially correlated with the clinical outcome.
Research methods
We collected blood samples of mCRC patients before starting regorafenib therapy for the evaluation of circulating TNF-α, TGF-β, VEGF, CCL-2, CCL-4, and CCL-5. The cytokines were measured at baseline using ELISA tests and the clinical outcome of each patient was correlated to the cytokines profile. We also analyzed the same cytokines levels in six healthy volunteers.
Research results
We found higher basal levels of TNF-α, TGF-β, VEGF, CCL-2 and CCL-5 in non-responders (NR; patients showing progression of disease, n = 12) compared to those who respond to therapy (complete response CR, n = 1, partial response PR, n = 1, Stable Disease SD, n = 3), and a reversed trend for CCL-4. Moreover, we found that CCL-2 and VEGF basal levels were significantly higher in NR patients compared to healthy individuals. Furthermore, high values of TGF-β and TNF-α negatively correlated with PFS. We further investigated the possible association between basal cytokine levels and PFS and we found that TNF-α and TGF-β negatively correlated with PFS in the patient cohort. Both these basal cytokines positively correlated between them.
Research conclusions
We realized a cytokine signature which could potentially discriminate between responder and non-responder patients to Regorafenib therapy. If our data is confirmed, it will be possible to drive treatment with regorafenib to patients most likely respond to the drug.
Research perspectives
Our data should be verified on larger and independent series of patients. It might also be of interest to extend analysis to other cytokines and cells population not determined in our study.
